Objective: To describe circumstances surrounding injuries involving nail guns among carpenters, calculate injury rates, identify high risk groups and preventive measures. Methods and setting: Active injury surveillance was used to identify causes of injury among a large cohort of union residential and drywall carpenters. Injured carpenters were interviewed by experienced journeymen; enumeration of workers and hourworked were provided by the union. The combined data allowed definition of a cohort of carpenters, their hours worked, detailed information on the circumstances surrounding injuries, and identification of preventive measures from the perspectives of the injured worker and an experienced investigator. Results: Nail guns were involved in 14% of injuries investigated. Ninety percent of these injuries were the result of the carpenter being struck, most commonly by a nail puncturing a hand or fingers. The injury rate among apprentices was 3.7 per 200 000 hours worked (95% confidence interval (CI) 2.7 to 4.9) compared with a rate of 1.2 among journeymen (95% CI 0.80 to 1.7). While not always the sole contributing factor, a sequential trigger would have likely prevented 65% of the injuries from tools with contact trip triggers. Conclusions: Training, engineering, and policy changes in the workplace and manufacturing arena are all appropriate targets for prevention of these injuries. Use of sequential triggers would likely decrease acute injury rates markedly. Over 70% of injuries among residential carpenters were associated with through nailing tasks (such as nailing studs or blocks, trusses or joists) or toe nailing (angled, corner nailing) as opposed to flat nailing used for sheathing activities; this provides some indication that contact trip tools could be used solely for flat nailing.
P neumatic nail guns are common tools in residential construction. The tools allow increased productivity, but also create injury risks. They are typically energized by air pressure supplied by a compressor, requiring a hose from the compressor to the gun. Similar tools are energized by carbon dioxide cylinders or they can be charge activated; the latter being used less often in residential construction. The tools are loaded with magazines of nails joined together. Framing nailers are capable of driving 3.5 inch nails into dense wood in less than a 10th of a second (fig 1) . Common triggering mechanisms on these tools include contact trip and sequential triggers. The more common contact trip design allows nails to be discharged from the tool anytime the nose and the trigger mechanism are both depressed. Workers are able to hold the trigger down and do rapid fire "bounce" nailing to speed up production. The sequential design requires that the nose be depressed before the trigger in order to discharge a nail, making it more difficult to unintentionally discharge nails.
Much of the literature on nail gun injuries comes from case reports or series in trauma journals. [1] [2] [3] [4] [5] Recent analyses of compensation claims in the State of Washington estimated rates of nail gun injuries in wood frame construction to be 2.06 per 200 000 hours worked. 6 7 The injuries for these analyses were identified from coded data, lacking details on the circumstances surrounding the injuries. Puncture wounds to the hands and fingers are commonly reported, although there are reports of more serious, even fatal, injuries involving the face, eyes, and vital organs. [8] [9] [10] We report on nail gun injuries among a large cohort of union residential carpenters identified through active injury surveillance that included documentation and description of circumstances surrounding injuries from these tools, calculation of injury rates, and identification of high risk groups and preventive measures. Occupational Safety and Health Administration (OSHA) recordable injuries (requiring medical care above first aid, loss of consciousness, or loss of work time beyond the day of injury) to the project office by facsimile or phone as they occurred on their work sites.
The surveillance approach was modeled after the National Institute for Occupational Safety and Health Fatality Assessment Control and Evaluation (FACE) program. In contrast to FACE, the primary focus was the bulk of work related injuries that do not result in death. Injured carpenters were interviewed by one of two experienced journeymen. These men had, respectively, 42 and 25 years of carpentry experience and safety training specific to the construction industry (OSHA 500). They were trained in procedures to obtain informed consent and the administration of a standard questionnaire for investigation of these injuries.
The questionnaire was developed with a steering committee, established early in the project, with representation from the union, contractors, contractors' safety personnel, and the academic research team. Questions were included about the nature and circumstances surrounding the injury, tools and materials being used, the stage of construction, time in the union, age, gender, safety training, weather conditions, stand-by exposures, and work of other trades on site. The carpenters were asked what caused or contributed to their injury. Interviews were conducted by phone. The investigating carpenter reported his own assessment of contributing factors and preventive recommendations in addition to those offered by the injured carpenter. The tool was pre-tested in the field over three months, including 46 investigations, with review and discussion of findings by the carpenter interviewers and the research team.
Union carpenters receive health and retirement benefits through trusteed health and welfare funds. Contractors hiring union labor pay into the trust based on the hours worked by the carpenters they hire. The local trust provided us with the hours worked per carpenter by contractor for each month, allowing us to calculate time at risk.
To supplement these data, a consecutive group of apprentices from the Carpenters Joint Apprenticeship Committee in St Louis were asked to complete a short questionnaire on their experiences with nail guns, injuries experienced, and training.
Analyses
Descriptive statistics were generated from the surveillance interviews and the apprentice questionnaire. Distributions of age, gender, and union status (apprentice v journeymen) of the dynamic cohort were calculated. All nail gun and staple injuries were identified from responses to questions in the interview about tool use at time of injury. Text descriptions from the surveillance data were reviewed to confirm that the injury involved one of these tools. Injuries were described by the nature, body region, and mechanism based on the report of the carpenter. The proportion of cases resulting in lost time, beyond the day of injury, was also calculated.
Text descriptions were used to identify more common patterns and circumstances of injury. A series of queries and cross tabulations assisted in this process. Text descriptions and recommendations were reviewed and coded for additional concepts of interest including type of tool, type of nailing (flat surface, toenailing, through nailing), double fires, ricochets, projectile nails, and penetrations.
The sum of hours worked by the cohort during the 37 months was calculated; hours worked were stratified by union status. Crude and stratified injury rates were calculated per 200 000 hours worked (100 person-years of full time work) limited to data from injured carpenters who participated in the interview. Confidence intervals (CI) were calculated as described by Haenszel et al, assuming a Poisson distribution.
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All analyses were done through Microsoft ACCESS queries and export of data to SAS. 12 
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RESULTS
Active surveillance
The cohort consisted of 5137 carpenters who worked for one of 20 participating contractors; these contractors hired a total of 9 346 603 carpenter hours from 1 September, 1999 through 30 September 2002. Characteristics of the cohort are presented in table 1.
During 37 months of data collection, 783 injuries were reported to the project office; 586 carpenters (75%) were interviewed. We were unable to locate 75 individuals, making the participation rate 83% among carpenters we were able to reach. Nail guns were involved in 80 (13.6%) injuries.
The injuries are presented in table 2 by nature of injury and body region involved. Over half involved puncture wounds to the hand or fingers. We had information on lost time from work for 75 of the nail gun related injuries; of these 52% (n=39) had lost time beyond the day of injury.
The mechanisms of these injuries are presented in table 3. Seventy six (95%) of the injuries were the result of the carpenter being struck; nail guns were the single greatest cause of carpenters being struck, accounting for 23% of all struck by injuries. Of the five individuals with eye injuries, three were using no eye protection. Two were wearing safety glasses with side shields; one got debris over the top of his glasses as he worked overhead and the second had his glasses slide down his nose as he worked in the heat.
Although screw gun injuries were seen in drywall work, all nail gun injuries occurred in residential construction. To get a more accurate measure of risk, rates were calculated using only residential work hours (hours = 7 739 417). The overall rate of injuries associated with nail guns was 2.1 per 200 000 hours worked (95% CI 1.7 to 2.6). Injuries were more common among apprentices with 35% occurring in the first year of apprenticeship, 21% in the second year, 13% in the third year, and an additional 4% in the fourth year. The injury rate among apprentices was 3.7 per 200 000 hours worked (95% CI 2.7 to 4.9) compared to a rate of 1.2 among journeymen (95% CI 0.80 to 1.7). All injuries were among male carpenters.
The type of nailing activity, determined from the surveillance descriptions, are presented by type of triggering mechanism on the tool in table 4. Injuries with both contact trip and sequential trigger tools occurred most frequently while through nailing.
In table 5 , factors contributing to the injuries are presented by type of triggering mechanism on the tool involved in the injury. It is of note that the categories are not mutually exclusive. Although based on small numbers, similar proportions of injuries involved use of the non-dominant hand, awkward postures, ricochets, penetration of the nailing surface, and lack of eye protection for both trigger types, while contact trip triggers were associated with more rapid, double fires. Ricochets occurred due to hitting knots in wood materials, metal truss components, other nails, and from dense laminated materials. Awkward postures often occurred while working in rafters or trusses. While not always the sole contributing factor, in 36 cases (68% of the injuries from guns with contact trips triggers and 45% of injuries overall) the injury would likely have been prevented by a sequential trigger.
Supplementary survey from apprentices
Questionnaires were received from 165 apprentices. Seventy three percent (n=121) had been in the union for less than one year; 66% (n=109) had more than a year of carpentry experience and 16% (n=26) had more than five years' experience. Training in the use of these tools is presented in table 6 and ranged from being told "don't shoot yourself " to formal programs. The most common training was "hands on", followed by lectures, tool box talks or safety meetings, and video instruction. Forty carpenters (24%) reported that they had no training in tool use. We did not examine the relationship between training and injury since we had no information on time sequence. Reports of the proportion of nail gun use by apprentices on residential sites are presented in fig 2. On over half the sites, apprentices reported doing the majority of nailing with guns.
Fifty four apprentices (33%) reported a work related nail gun injury; 35 occurring in the last year. Nineteen individuals (11.5%) had experienced more than one injury. The patterns they reported were similar to those collected through the active surveillance. The apprentice was using the gun at the time of injury in 84% of the cases.
All injuries were associated with framing nailers and all occurred while framing or sheathing. Eleven injuries occurred while the apprentice was "bounce nailing". Thirty five percent of the apprentices reported working for contractors who used sequential triggers; these triggers were used on the tools in only three cases when the carpenter was injured (6% of the injuries). The circumstances surrounding these injuries were described in 51 cases and included 15 (29%) accidental misfires, three accidental contacts with the gun, and 12 gun recoils resulting in double fire. In 19 cases (37%) there was penetration of the board being nailed due to splintering, deflection from a knot or another nail, or misplacement of the tool. In over half (53%; n=27) of the injuries there was a flying or airborne nail. As in the surveillance analyses, the categories are not mutually exclusive.
DISCUSSION
Strengths and contributions of the study Through this report the utility of active injury surveillance among a group of union carpenters is demonstrated. The combination of data elements allowed both the estimation of injury rates and examination of specific circumstances associated with each injury using information collected from injured carpenters by their peers. The availability of the text descriptions allowed exploration of issues that had not been anticipated when the surveillance tool was designed. Participation by injured workers was high, likely due to the interviewers being carpenters with knowledge of the work environment and tools.
The information allowing identification of hours worked by apprentices and journeymen was very revealing. While the overall injury rate was identical to that reported by Baggs et al, 7 injury rates over three times higher among apprentices than among journeymen were documented, likely related to more hours of exposure as well as inexperience. Recognizing we did not capture all injuries among the cohort, our frequency and rate estimates are likely conservative. They are still higher than reported for construction workers in Ohio and North Carolina.
14 This is not surprising since rate calculations were for all trades involved in homebuilding in North Carolina and all union carpenters in Ohio; both groups included workers who did not use these tools and were not at risk, resulting in lower rates. More similar rates were observed when analyses were restricted to carpenters in North Carolina and residential construction in Ohio. The majority of injuries involved puncture wounds to the hand or fingers, but should not be assumed to be insignificant injuries. Half of these men lost time from work and one injury resulted in a lengthy hospitalization for treatment of a wound infection.
Many of these injuries were felt to be related to the use of a contact trip trigger. While the triggering mechanism was not always the only contributing factor, in all likelihood the injury would not have occurred with a sequential safety feature. As far back as 1987, recommendations were made to develop a triggering mechanism that would allow the discharge of only one nail, rather than rapid fire nailing. 15 While these tools are now available, they are not widely used. Lastly, these data are from the perspective of carpenters-both the injured workers and investigators-with knowledge of their tasks and tools, but also the organizational structure under which they work. While some might view this as a limitation, we see this as a significant strength resulting in knowledge based, practical recommendations.
Limitations
In addition to voluntary participation by injured workers, the surveillance program involved voluntary reporting of injuries by contractors, and ascertainment of injuries was not complete. For example, one drywall contractor elected to screen all injured workers before reporting. Our recommendations are based on the universe of injuries investigated and we cannot guarantee they are entirely representative. However, the overall injury rates are higher than reported by the Bureau of Labor Statistics, 16 and the rates for nail gun injuries are very similar to those estimated by others, 6 7 14 which is reassuring. Data collection was limited to individuals who were injured providing no information on actual time spent using the tools or doing different types of nailing. Due to the manner in which our surveillance tool was designed, carpenters with repetitive motion complaints or sprains/strains were not asked what type of triggering mechanisms they had used, although few injuries of this nature were seen. Interviews were conducted shortly after the injuries occurred making it difficult to assess severity, particularly long term sequelae.
IMPLICATIONS FOR PREVENTION
These data provide evidence that training, engineering modifications, and policy changes in the workplace and manufacturing arena are all appropriate targets for prevention of injuries associated with nail guns. One action, without attention to the others, will not address the variety of issues that appear to be involved. Regardless of whether the high injury rates among apprentices are related to more exposure to the tools or inexperience, these workers warrant targeted prevention efforts. The use of these tools cannot be assumed to be an unskilled task; training should not be limited to how to use and maintain the tools. Workers need to know how to safely position the tool and their bodies to prevent injury to themselves and co-workers. They should be aware of circumstances that are associated with inadvertent penetrations or ricochets including knots in wood, presence of other nails or metal truss components, and nailing into some of the newer, dense manufactured materials such as laminated beams and joists. As with any power tool, malfunctioning tools should be removed from service immediately. Training and workplace policy need to address the use of appropriate eye protection when using these tools. 17 18 The findings support the move to sequential triggers to decrease acute injury rates. Workers do not typically purchase these tools; the contractors who do, must be involved in this effort. Sequential triggers come on some, or can be installed on, new tools as well as being retrofitted on older tools, often at no cost. However, the sequential trigger is still not the industry standard. Leverage from workers' compensation insurance carriers could influence practice in the field and growing litigation from injured workers against the industry may force change. 19 Contact trip tools allow rapid fire "bounce nailing", a reason cited for their preference in this fast paced industry. We are unaware of any reports evaluating the accuracy of rapid fire nailing. If nails do not hit the target, construction quality suffers and unnecessary numbers of nails may be used, offsetting productivity gains from rapid fire contact trip tools. Contractors have also voiced concern over raising risks for repetitive trauma by requiring the use of sequential triggering tools and this issue should be evaluated. However, we saw few injuries of a cumulative nature compared to acute injuries making us question whether this fear is well founded.
There are other areas where innovative engineering could help prevent injury regardless of the triggering mechanism. Design features of the nose piece could be improved. Because the tools discharge if any part of the nose piece is depressed, a worker can shoot over the intended surface. The use of a laser to clearly identify the target might improve placement of the nose contact. Creation of "aggressive" nose pieces have been described in trade journals. 20 To do this, the worker files the ends of the nose piece to create a rough contact that will grab materials and prevent slipping. This aggressive nose piece would be a hindrance in rapid sheathing activities, pointing to the utility, perhaps, of interchangeable nose pieces that could easily be changed.
From these data there appear to be some situations, or tasks, that are better suited for the use of a hammer and nails, for example, when the individual has to be in awkward positions where the heavy gun and trailing hose make proper placement difficult and may magnify hazards for falling. Nailing in trusses is such an example.
There are also situations where the use of a nail gun really helps; rapid, secure placement of a nail can prevent creeping of materials and the tools speed up productivity for sheathing, particularly. The majority of injuries in these carpenters were associated with through nailing tasks, such as nailing studs or blocks, trusses or joists, as opposed to flat nailing used for sheathing activities. This provides some indication that contact trip tools might be safely used for flat nailing tasks such as sheathing or roofing. However, from an organizational standpoint, it is questionable whether tools would truly be designated for certain tasks based on the triggering mechanism; and there are dangers associated with contact trip tools, including carrying them with a finger on the trigger, that have nothing to do with specific nailing tasks.
Engineering changes and training programs should be developed and evaluated based on ongoing surveillance efforts. Both need to keep pace with materials development, such as the increasing use of very dense pre-manufactured beams which are more difficult to penetrate than wood. Carpenters in the field and the contractors, who hire them and are responsible for their safety, need to be involved in these processes.
Key points
• Nail guns are responsible for an estimated 14% of injuries among residential carpenters.
• Nail guns are the single greatest cause of struck by injuries among residential carpenters, responsible for >20% of these injuries. • Injury rates are over three times higher among apprentice carpenters than journeymen, likely due to greater exposure to these tools and inexperience.
• Over 65% of injuries associated with contact trip guns could likely be prevented by sequential triggers.
• Prevention should involve training, engineering and policy changes involving carpenters and contractors, and these efforts should be evaluated and informed by ongoing injury surveillance.
